ABSTRACT To investigate the likely source population and candidate vectors of Candidatus Rickettsia tarasevichiae, the prevalence of this bacteria was quantiÞed in specimens of four tick species that mainly parasitize humans collected from 13 sites along the ChineseÐRussian border. The presence of the bacteria was determined by detecting its speciÞc citrate synthase (gltA) partial gene and outer membrane protein A (ompA) partial gene. Only Ixodes persulcatus Schulze was found to be naturally infected with C. R. tarasevichiae, which had an overall prevalence of 1.53% in both sexes. C. R. tarasevichiae is an emerging, tick-borne human pathogen and this Þnding may partially explain recent human cases of infection by this organism in China. Public health authorities should be aware of the potential risk posed by the transmission of this bacterium to humans by ticks.
Bacteria within the genus Rickettsia are gram-negative, obligate, intracellular, short-rod organisms with a life cycle that requires both an arthropod vector and a vertebrate host (Walker and Ismail 2008) . The Rickettsia are classiÞed into four groups on the basis of their biological, genetic, and antigenic characteristics; the typhus group, the spotted fever group (SFG), the Rickettsia bellii group (transitional group), and the Rickettsia canadensis group (ancestral group; Raoult 2007, Merhej and Raoult 2011) . Candidatus Rickettsia tarasevichiae was originally detected in Ixodes persulcatus Schulze collected in the Russian Urals and Siberia. It was named C. R. tarasevichiae sp. nov. in honor of Professor Irina Tarasevich of the Gamaleya Institute in Moscow in 2003 (Shpynov et al. 2003) . Since then, the presence of C. R. tarasevichiae has been further documented in I. persulcatus (Eremeeva et al. 2006 , Igolkina et al. 2006 , Haemaphysalis japonica Douglasi (Socolovschi et al. 2009 ), and Dermacentor reticulus (F.) (Mediannikov et al. 2006 , Socolovschi et al. 2009 ) in Russia, and in Ixodes spp. in Japan (Hiraoka et al. 2005) . This suggests that it has a diverse range of invertebrate hosts.
The pathogenicity of rickettsia in vertebrate hosts and humans has been the subject of debate. Previous phylogenic studies based on the citrate synthase and outer membrane surface gene had demonstrated that C. R. tarasevichiae was closely related to R. canadensis, which is regarded as one of "ancestral" Rickettsia and thought to be nonpathogenic and endosymbiotic (Weiner et al. 2009 ). The closest relatives of C. R. tarasevichiae are, in fact, endosymbionts of nonbloodfeeding arthropods, such as the pea aphid Acyrthosiphon pisum Harris (Perlman et al. 2006) . Therefore, despite the fact that it had been recorded in small mammals such as Clethrionomys rutilus (Igolkina et al. 2006) , C. R. tarasevichiae has been regarded as an endosymbiont of ticks that is nonpathogenic to their vertebrate hosts. The turning point came in 2012, when Þve Chinese patients in Mudanjiang, Heilongjiang Province, were found to have developed symptoms of asthenia, anorexia, nausea, eschar, and lymphadenopathy caused by infection with C. R. tarasevichiae (Jia et al. 2013 ). All Þve patients had a history of exposure to ticks in forest areas. These cases suggested that C. R. tarasevichiae might be a zoonotic pathogen transmitted by Ixodid ticks in China. However, the tick species associated with these cases, and those that occur in the region in which these infections occur, are currently unknown. In this article, we present the results of screening Ixodid ticks collected from 13 sites on the ChineseÐRussian border for C. R. tarasevichiae.
We collected ticks from taiga and forest-steppe zones at these 13 sites between January 2009 and January 2013 by sweeping ßags across, and through, vegetation. Tick specimens collected were identiÞed morphologically according to the criteria in a published taxonomic handbook (Teng and Jiang 1991 (Regnery et al. 1991) . To avoid possible contamination, DNA extraction, the reagent setup, ampliÞ-cation, and agarose gel electrophoresis were performed in separate rooms, and negative control samples (distilled water) were included in each set of PCR reactions. Samples positive for both rickettsial gltA and ompA ampliÞcations were considered positive for SFG rickettsia infection and all amplicons were cloned into the pGEM-T Easy vector and subjected to bidirectional sequencing (Sangon Biotech, Shanghai, China). On the basis of this criterion, of the 1,225 Ixodid ticks screened, only 9 I. persulcatus were positive for Rickettsia spp. The overall prevalence of R. tarasevichiae-like bacteria in I. persulcatus was 1.53% in both sexes. All sequences (KF003005 for gltA and KF008247.1ÐKF008249.1 for ompA) were aligned with known sequences using the BLAST (http://blast.ncbi.nim.nih.gov/Blast.cgi) software program. Pairwise sequence identity was the highest match to related sequences of C. R. tarasevichiae. Nucleotide sequence identities ranged from 99.71 (339 of 340) to 100% (340 of 340) for the gltA gene and from 99.19 (486 of 490) to 100% (490 of 490) for the ompA gene, which indicates that the homology of both ompA and gltA are within the species thresholds for C. R. tarasevichiae proposed by Fournier and others . Phylogenetic analysis was conducted for the sequences we identiÞed and universally recognized SFG rickettsial species available in GenBank using the MegAlign program with MEGA 5.2. The new sequences and corresponding reference sequences from some Rickettsia spp. in GenBank were used to construct two phylogenetic trees (Fig. 1) . The new sequences clustered into a separate R. tarasevichiae branch of a distinct group basal to both the SFG and typhus group that included R. bellii, R. canadensis, and Rickettsia monteiroi (Pacheco et al. 2011) . Therefore, we consider the rickettsia organism detected to be C. R. tarasevichiae.
C. R. tarasevichiae has a prevalence of 9.27Ð20.5% in female I. persulcatus in Russia (Eremeeva et al. 2006 , Igolkina et al. 2006 ) but is seldom found in males (Mediannikov et al. 2006) . However, consistent with the results of a previous study in the Mudanjiang area (Jia et al. 2013) , we found that the overall prevalence of C. R. tarasevichiae-like bacteria was 2.31% in female I. persulcatus and that this varied from 0 to 8.3% between sites. Although the prevalence of C. R. tarasevichiae in ticks at the surveyed sites was relatively low, rickettsia is known to penetrate into the body cavity of ticks and survive and multiply there for a long time (Popov et al. 2007) . Therefore, C. R. tarasevichiae should be considered a potential threat to human and animal health wherever it is detected. I. persulcatus is a common human parasite in the area we surveyed and the prevalence of the rickettsia organism in I. persulcatus suggests that the latter could contribute greatly to the spread of C. R. tarasevichiae in China. I. persulcatus is also known to transmit a variety of other organisms, such as Borrelia burgdorferi, the protozoan Babesia, Anaplasma phagocytophilum from animals to humans. This raises the possibility of coinfection of humans by C. R. tarasevichiae and other tick-borne pathogens. More detailed research is required to determine the prevalence of C. R. tarasevichiae infection in humans and to develop rational diagnostic, surveillance, and control strategies.
